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[57] ABSTRACT 

The present invention provides nucleotides and polynu- 
cleotides which are chemically modified or labeled so as 
to be capable of ready detection when attached to and- 
/or incorporated in nucleic acid material. More particu- 
larly, this invention provides a nucleotide selected from 
the group consisting of (i) a ribonucleotide having the 
formula, 



? 8 

PM— SM— BASE 



wherein PM is a phosphate moiety, SM is a sugar moi- 
ety, BASE is a pyrimidine. purine or 7-deazapurine 
moiety, and Sig is a saccharide moiety. PM is attached 
at the 2\3' or 5' position of SM. BASE is attached to the 
T position of SM from the N l position when BASE is a 
pyrimidine or covalently attached to SM; and (ii) a 
nucleotide having the formula. 

Sig 

PM— SM— BASE 

wherein PM. SM. BASE and Sig are as defined above 
but PM is attached to the 3' or the 5' position of SM 
when said nucleotide is a deoxyribonucleotide and at 
the 2', 3' or 5' position when said nucleotide is a ribonu- 
cleotide, BASE is attached to the \\ position of SM 
from the N 1 position when BASE is a pyrimidine or the 
N 9 position when BASE is a purine, and wherein Sig is 
covalently attached to PM. 

24 Claims, 7 Drawing Sheets 
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SACCHARIDE SPECIFIC BINDING SYSTEM 
LABELED NUCLEOTIDES 

REFERENCE TO RELATED APPLICATIONS 

This is a divisional application of U.S. Ser. No. 
140.980, filed on Jan. 5. 1988. now abandoned, which is 
a commutation of US. Ser. No. 674,352, filed on Nov. 
21, 1984 now abandoned, which is a continuation of 
U.S. Ser. No. 391,440, filed on Jun. 23, 1982 (now aban 
doned). 

BACKGROUND OF THE INVENTION 
It is known to produce nucleotides or polynucleo- 
tides which are radioactively labeled, such as with iso- 15 
topes or hydrogen ( 3 H), phosphorus ( 32 p), carbon ( I4 C) 
or iodine ( 123 I). Such radioactively labeled compounds 
are useful to detect, monitor, localize and isolate nucleic 
acids and other molecules of scientific or clinical inter- 
est. Unfortunately, however, the use of radioactively 20 
labeled materials presents hazards due to radiation. Also 
due to the relatively short half life of the radioactive 
materials employed to label such compounds or materi- 
als, the resulting labeled compounds or materials have a 
corresponding relatively short shelf life. 

It has been proposed to chemically label compounds 
of interest, such as nucleotides and polynucleotides, so 
as to overcome or avoid the hazards and difficulties 
associated with such compounds or materials when 
radioactively labeled. In the article by P.R. Langer, A. 
A. Waldrop and D. C Ward entitled "Enzymatic Syn- 
thesis of Biotin-Labeled Polynucleotides: Novel Nu- 
cleic Acid Affinity Probes", in Proc Matt. Acad. ScL 
USA. Vol. 78, No" 1 1. pp. 6633-6637. Nov.. 1981. there 
are described analogs of dUTP and UTP that contain a 35 
biotin molecule bound to the C-5 position of the pyrimi- 
dine ring through an alkylamine linker arm. The biotin- 
labeled nucleotides are efficient substrates for a variety 
of DNA and RNA polymerases in vitro. Polynucleo- 
tides containing low levels of biotin substitution (50 40 
molecules or fewer per kilobase) have denaturation. 
reassociation and hybridization characteristics similar 
to those of unsubstituted controls. Biotin-labeled 
polynucleotides, both single and double stranded, are 
selectively and quantitatively retained on avidin- 
Sepharose. even after extensive washing with 8M urea, 
6M guanidine hydrochloride or 999c formamide. In 
addition, biotin-labeled nucleotides can be selectively 
immunoprecipitated in the presence of antibiotin anti- 
body and Staphylococcus aurea. Protein A. These unique 50 
features of biotin-labeled polynucleotides suggest that 
they are useful affinity probes for the detection and 
isolation of specific DNA and RNA sequences. It is 
indicated in the article that the subject matter of the 
article is comprised in a pending U.S. patent applica- 
tion. 

The disclosures of this article and above-referred 
pending patent application are herein incorporated and 
made part of this disclosure. 

The patent application referred to in the above-identi- 
fied article is U.S. patent application Ser. No. 255,223 
filed April. 17, 1981. Ser. No. 255,223 was abandoned in 
favor of continutation application. U.S. application Ser. 
No. 496.915, filed on May 23. 1983. now U.S. Pat. No. 
4,711.955. Therefore, the disclosure of U.S. Pat. No. 
4.711.955 is herein incorporated by reference and made 
part of the instant disclosure. The disclosures of this 
pending U.S. patent application Ser. No. 255,223 are 



herein incorporated and made part of this disclosure. In 
the above-identified pending U.S. patent application the 
subject matter of the above-identified article is disclosed 
and additionally it is disclosed that 
compounds having the structure: 



45 




wherein B represents a purine, deazapurine, or pyrim- 
idine moiety covalently bonded to the C 1 -position 

. of the sugar moiety, provided that when B is purine 
or 7-deazapurine, it is attached at the N 9 -position of 
the purine or deazapurine, and when B is pyrimi- 
dine, it is attached at the N ^position; 

wherein A represents a moiety consisting of at least 
three carbon atoms which is capable of forming a 
detectable complex with a polypeptide when the 
compound is incorporated into a double-stranded 
ribonucleic acid, deoxyribonucleic acid duplex, or 
DNA-RNA hybrid; 

wherein the dotted line represents a chemical linkage 
joining B and A, provided that if B is purine the 
linkage is attached to the 8-position of the purine, if 
B is 7-deazapurine, the linkage is attached to the 
7-position of the deazapurine. and if B is pyrimi- 
dine. the linkage is attached to the 5-positioh of the 
pyrimidine; and 

wherein each of x, y, and z represents 
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widely useful as probes in biomedical research and 
recombinant DNA technology. 

Particularly useful are compounds encompassed this 
structure which additionally have one or more of the 
following characteristics: A is non-aromatic; A is at 
least C5; the chemical linkage joining B and A includes 
an a-olefinic bond; A is biotin or iminobiotin; and B is a 
pyrimidine or 7-deazapurine. 

The publications cited in the aforementioned U.S. 
Pat. No. 4,711,955 are also herein incorporated and 
made part of this disclosure. 

SUMMARY OF THE INVENTION 

In accordance with the practices of this invention 
nucleotides are modified, such as at the 5 position of 
pyrimidine or the 7 position of purine, preparatory for 
the preparation therefrom of nucleotide probes suitable 
for attachment to or incorporation into DNA or other 
nucleic acid material. In the practices of this inven tion 
nucleotides, i.e. nucleic acids, preferably are modified in 
a non-disruptive manner such that the resulting modi- 
fied nucleotides are capable of incorporation into nu- 
cleic acids and once incorporated in nucleic acids the 
modified nucleotides do not significantly interfere with 
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EXAMPLE IV 

Oligodeoxyribonuclectides were end-labeled using 
cytidine- 5 '-triphosphate and terminal transferase as fol- 
lows. Purified phage DNA, alkali sheared with 0.2 N 
sodium hydroxide and diluted to 2 Azw units/ml in 
potassium cacodylate (0.1 M), tris base (25 mm), cobalt 
chloride (1 mM) and dithiothreitol (0.2 M) were used. 
To this DNA solution (1 ml) was added cytidine-5'-tri- 



300 basic pairs, dissolved in 200 ul exonuclease III 
buffer consisting of Tris-HCl pH 8.0 (70 mM); magne- 
sium chloride (1.0 mM) and dithiothreitol (10 mM) was 
incubated with 100 units exonuclease III for 20 minutes 
at 20* C. The partially digested oligonucleotide was 
immediately extracted with phenol, and the DNA was 
precipitated with 70% aqueous ethanol. The partially 
digested oligonucleotide was redissolved in 20 ul 5mM 
tris-HCl pH 7.6 and incubated at 20* C. for 2 hours in a 



ohosnhate (10 mmol) and terminal transferase (200 10 reaction containing 2'-deoxy- adenosine-5'-triphos- 



units). After incubating at 37* for 5 to 8 hours the reac 
tion was stopped by the addition of neutralized phenol 
(100 ul), 0.5 M EDTA (100 ul).and 1% sodium dodecyl 
sulfate (100 ul). The DNA was purified by gel filtration 



phate (15 uM) thymidine-5'-triphosphate (the amount 
determines the degree of substitution) and biotinylated 
5-(3-aminq- 1 -propene) 2'-deoxyuridine-5'-triphosphate 
(5 uM), KJenow DNA polymerase I (200 units) dis- 



chromatography through Sephadex G- 100 followed by 15 solved in 0.1 mM) potassium phosphate, pH 8.0 at a 
precipitation with ethanol concentration of 0.2 units/ul. The biotinylated poly 

dA:poly dT, biotinyl dU was purified by gel filtration 
EXAMPLE V chromatography on Sephadex G-100. The DNA was 
Biotin and polybiotinylated poly-L-lysine were cou- enthanol precipitated and redissolved in 20 ul of solu- 
pled to oligoribonucleotides using" a carbodimide cou- 20 tion containing sodium acetate pH 4.6 (30 mM), sodium 
pling procedure described bv Halloran and Parker, /. '« - '*-*** 



chloride (50 mM), zinc sulfate (ImM) and glycerol 
(5%). Si nuclease (200 units) was added, and the reac- 
tion was incubated at 37' for 10 minutes. The reaction 
was stopped with 1 ml ammonium acetate (4 M) and 6 
ml ethanol. The DNA was repurified by G-100 gel 
filtration chromatography and ethanol precipitation. 



EXAMPLE IX 
Ligation of poly dA:poly dT, biotinyl dU to oligo- 



40 



Immunol. 96 373 (1966). As an example. DNA (1 
ug/ml), I ml) in tris buffer pH 8.2. sheared with 0.1 N 
sodium hydroxide was denatured by boiling for 10 min- 
utes and quick cooling in an ice bath. Biotinyl- 1,6- 25 
diaminohexane amide (2 mg. 6 umol) or polybi- 
otinylated poly-L-lysine (2 mg) and l-ethyl-3-diiso- 
propylaminocarboimide HC1 (10 mg. 64 umol) were 

added, and the pH readjusted to 8.2. After 24 hours at _ .... 

room temperature in the dark, the mixture was dialyzed 30 deoxyribonucleotides was accomplished as follows: 
aeainst 10 mM tris buffered saline. DNA was precipi- DNA fragments from alkali sheared purified DNA (as 
tated ethanol. described in Example VIII) were digested with Si nu- 

clease and repurified by phenol extraction and ethanol 
EXAMPLE VI precipitation. Blunt ended DNA fragments (1 ug) and 

Biotin. conjugated to cytochrome C was prepared 35 Pf^ dA:^ly dT. bfoti^ 
by tile following procedure. To a solution of cyto- " ~ . - - - — 

chrome C (10 mg) in 1 ml of 0.1 M sodium borate, pH 
8.5 was added biotinyl-N-hydroxysuccinimide ester (10 
mq, 29 umol) in 1 ml dimethyl formamide. After 4 hours 
at room temperature, the biotinylated protein was puri- 
fied by gel filtration chromatography through a Sepha- 
dex G-50 column. 

EXAMPLE VII 

Formaldehyde coupling of cytochrome C-biotin and 45 
polybiotinylated poly-L-lysine to oligodeoxyribonu- 
clectides were carried out using a method similar to that 
described by Manning et al, Chromosome, 53, 107 
(1975). Oligodeoxyribonucleotide fragments obtained 
by sodium hydroxide shearing of purified DNA (100 30 
ug/ml in 10 mM triethanolamine, pH 7.8 were dena- 
tured by boiling for 10 minutes followed by quick cool- 
ing in ice. Cytochrome C-biotin 0.05 g ml or polybi- 
otinylated poly-L-lysine solution (0.05 ml) dissolved 3 
mg/ml in 10 mM triethanolamine. pH 7.8 was added to 55 
I ml at the denatured oligodeoxyribonucleotide solution 
along with 0.1 ml of 69c formaldehyde in 10 mM trieth- 
anolamine. pH 7.8. After stirring at 40* for 30 minutes 
the mixture was dialyzed against the same buffer. The 
oligodeoxyribonucleotidebiotin complex was finally 60 
purified by gel filtration chromatography on Sephadex 
G-100 followed by precipitation from ethanol. 

EXAMPLE VIII 

Double stranded polydeoxyadenylic acid:polybi- 65 
otinylated deoxyuridylic acid was synthesized as fol- 
lows. The double stranded oligonucleotide polydeox- 
yadenylic acid :poly thy midylic acid (20 ug) of length 



ul at a buffer containing tris-HCl pH 7.4 (66 mM), mag- 
nesium chloride (6.6 mM), adenosine triphosphate (24 
mM) and dithiothreitol (l.OmM), T 4 DNA ligase (50 
units) was added, and the volume brought to 20 ul with 
water. The reaction was incubated 3 hours at 37* C. The 
DNA was purified by gel filtration chromatography 
through Sephadex G-100 and was ethanol precipitated. 

EXAMPLE X 
5-Hydroxymethyl-2'-deoxycytidylic acid was pre- 
pared by enzymatic hydrolysis of non glycosylated 
phage T4DNA. Purified phage DNA (2 mg). dissolved 
in 1 ml 50 mM tris pH 7.4 and 10 mM magnesium chlo- 
ride, was incubated 20 hours with deoxyribonuclease I 
at 37*. The pH was adjusted to 9.0 and sodium chloride 
(20 mM) added. Snake venom phosphodiesterase (0.05 g 
units in 0.5 ml water) was added and incubation contin- 
ued at 37* for 5 hours. An additional 0.05 units phospho- 
diesterase was added and incubation continued 18 
hours. Nucleotides were separated by gel filtration 
chromatography through Sephadex G-50. 5-hydrox- 
ymethyl-2'-deoxycytidylic acid was purified by reverse 
phase high pressure liquid chromatography. 

EXAMPLE XI 
5-(4-aminobutylaminomethyl)-2'-deoxyuridyiic acid 
was obtained by enzymatic hydrolysis of DNA from 
phage OW-14. The phage was grown on Pseudomonas 
acidovorans 29 according to Kropinski and Warren, 
Gen. Virol 6, 85 (1970),and the phage DNA purified 
according to Kropinski et al, Biochem. 12, 151 (1973). 
The DNA was enzymatically hydrolyzed with deoxyri- 
bonuclease I and snake venom phosphodiesterase using 
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irifuged at 1200 g for 15-20 minutes. The supernatants 
EXAMPLE XIX were dii ute< i X he A260 was measured. 

5-substituted pyrimidine triphosphates were chemi- Since Con A absorbs at 260 nanometers, control solu- 
callv prepared from their respective 5' monophosphates tions lacking DNA but containing Con A were pre- 
using a procedure of Michelson, Biochem Biophys Acta. 5 pared. The Con A absorbance was substracted from the 
91,1, (1964). The example of 5-hydroxymethyI-2'-deox- absorbence obtained in the complete reaction mixtures. 
ycytidine-5'-triphosphate will be given. The others The results of this reaction are presented in accompa- 
were similarly prepared. 5-hydroxymethyl-2' deoxycy- nying FIG. 1. 
tidylic acid (free acid) (0.63 g, 0.2 mmol) was converted EXAMPLE XXII 

to its tri-n-octylammonium salt by suspending in metha- ,0 

nol and addition of tri-n- octylammonium hydroxide BINDING OF GLUCOSYLATED DNA TO 

(0.74 g, 0.2 mmol). The suspension was refluxed until a CONCANAVALIN A 

clear solution was obtained and the solvent removed Phage T4 DNA and phage DNA were labeled by 
under vacuum. The salt was dried by dissolution in and incorporation of H 3 -deoxyadenosine triphosphate into 
subsequent evaporation from dry pyridine several the DNA by nick translation according to the Rigby et 
times. To the salt, dissolved in dry dimethylformamide al procedure. T4 DNA was nick translated to a specific 
(0.1 ml) and dioxane (I ml) was added diphenylphos- activity of 5x 10 3 cpm/microgram and an average dou- 
phochloridate (0.1 ml) and tri-n-butylamine (0.2 ml); ble- standed size of 5 kilobases. Lambda DNA was nick 
After 25 hours at room temperature, solvent was re- 20 translation to a specific activity of 3x lO^pm/micro- 
moved and ether was added to precipitate the nucleo- gram and an average, double stranded size of 6.0 kilo- 
side-5'-diphenylpyrophosphate. This was dissolved in bases as determined by agarose gel electrophoresis, 
dioxane (0.5 ml) and a solution of di(tri-n-butylam- Unincorporated nucleotides were removed from the 
monium) pvrophosphate (0.5 mmol) in 1 ml pyridine reaction mixtures by Bio-Gel P-60 chromatography, 
was added/ After 45 minutes at room temperature, the 2 < Con A sepharose was prepared as described by the 
mixture was conentrated under vacuum to a small vol- * manufacturer (Pharmacia). One ml of settled gel con- 
ume The crude product was precipitated with ether. tained 18 mg of bound Con A. One ml columns were 
This was dissolved in 0.1 M phosphate buffer pH 8.0. prepared in sterile pasteur pippetes and were equili- 
The trisphosphate was purified by chromatography on brated with PBS (0.15 M NaCl; 0.01 M sodium potas- 
DEAE cellulose elutine with a gradient of 0.1 to 0.6 M 3 0 sium phosphate, pH 6.5). 

triethylammonium bicarbonate ph 7.5. Hj-DN A samples were prepared >n 0.5 ml of buffer 

(as described in Example XXI but without Con A). T4 
EXAMPLE XX DNA solutions contained 176.000 cpm/0.5 ml; and 

DNA was labeled with 5-substituted pvrimidine tri- DNA solutions contained 108.000 cp./0.5 ml. A 0.5 ml 
phosphates by nick translating DNA in the presence of 35 sample was applied to the column. ' 
ihe appropriate triphosphate. An example follows for A 10.5 ml volume of buffer w * P**^ 
labeling purified DNA with biotinylated 5-formyl-2'- column, and the eluate fractions (0.* Sm Iwere cojec ed 
deoxyuridine. DNA (20 ug/ml) was incubated at 14* C. and counted m a Beckman "C'lW ^I-non 
, 7 \ /< m \A\ r^pnt counter in a 3.5 ml reafluor cocktail (Beckman). ine 

,n the presence of magnes urn ^^"^l^ « results (FIGS. 2A and 2B) show that non-glucosylated 
ycytidine.5'.tnphosphate(15 mM).2-deoxya^^ 40 ^ > glucosylated T4 DNA 

5'-tnphosphate ^^JJf^^l^^ ™ bound to the column. The bound T4 DNA was 
phate (15 uM). biotmylated^fonn>l-2 -deoxyundme- whh w hef H 

5'-triphosphase (20 uM). activated pancreatic deoxyn- 17 ~_ ~ ?/„p ? ^§ 7 ,% n 

bonuclease I W"^^^^^^ 45 ""^S^^^ the interaction of glu- 
acid, polymerase I (40 units/ml) and tns HCL, PH 7^4 mannose, when included in the buffer 

(50 mM). Alter 2 hours the : reaction was stopped by co|umn ts 

addition of 0.3 M EDTA (O05 ml) followed by heating ^^^JS^^osa to Con A sepharose. 
at 65- for 5 minutes. Labeled o^^ ff ^?"- So manno^omaining buffer (PBS-containing 0.056 
fied ^ y ^ ] fil j raU ° n chroma ;°S ra P h y th ' ou ^ Sepha - jo M mannose) removes bound T4 DNA from Con A 
dex G-100 and precipitation from cold ethanol. sepharose (FIGS. 3A and 3B). 

EXAMPLE XXI Further illustrative of the practices of this invention 

nn c^TmTATTn M nrrT „ rncV T AT pnnisiA bv directed to nonradioactive methods or techniques of 
PRECIPITATION £F ^LTCOS^ATED DNA BY ^ specific nudeic ^ tne following cxam . 

CONCANAVALIN A ^ plc deaJs wilh thfi usc of thc SU gar-Iccttn system. This 

Reaction mixtures (1.0 ml) were prepared in 1.5 ml example deals with the use of DNA which is not 
eppendorf tubes as follows: glycosylated in nature but rather has had a maltotriose 

group added thereto by way of nick translation de- 
scribed herein. The maltotriose modified dUTP and 
60 DNA modified therewith bind specifically to a column 
of concanvalin A covalently bound to sepharose. By 
this technique and in accordance with the practices of 
this invention, there is provided a means for specifically 
labeling any nucleic acid with sugars. As previously 
65 indicated herein, nick translation is only one of a num- 
Reactions were started bv the addition of concanava- ber of techniques and approaches possible for the pro- 
lin A (Con A). The solutions were mixed and left at duction of the modified nucleic acids in accordance 
room temperature for 60 minutes. The tubes were cen- with this invention. 
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incubated at 40* C. for 1 hour and at room temperature 
f r 18 hours. It was then loaded on a DEAE-cellulose 
column and eluted with a gradient of 0. 1 to 0.6M trie- 
thylammonium bicarbonate, pH 7.5. The product was 
finally purified by reverse phase high pressure liquid 
chromatography. 

Following are Examples XXXII and XXXIII. Exam- 
ple XXXII is a method of tagging allylamine modified 
DUTP with a fluorescein substituent. Thus is an exam- 
ple of creation of a self detecting nucleic acid probe. 
Example XXXIII is a method of labeling preformed 
double helical nucleic acids at the N 2 position of guan- 
ine and the N 6 position of adenine. Example XXXVII 
has the detector molecule linked to the probe. 
Chromosoma 84: 1-18 (1982) and Exp. Cell Res. 
128:485-490, disclose end labeling of RNA with rhoda- 
mine. However, the procedure of this invention is less 
disruptive and labels internal nucleotides. 

EXAMPLE XXXII 

Fluorescein was coupled to 5-(3-amino-l-propyD-2'- 
deoxyuridine-5'-triphosphate (AA-dUTP) as follows. 
AA-DUTP (10 umol). dissolved in 2 ml sodium borate 
buffer (0.1 m), pH 9.0, was added to fluorescein isothio- 
cyanate (10 mg, 25 umol) dissolved in I ml dimethyl- 
formamide. After four hours at room temperature the 
mixture was loaded onto a DEAE-cellulose column 
equilibrated in triethylammonium bicarbonate buffer, 
pH 7.5. The fluorescein coupled AA-DUTP was puri- 
fied by elution with a gradient of from 0.1 to 0.6 m 
triethylammonium bicarbonate. pH 7.5. 

EXAMPLE XXXIII 

DNA may be modified by reaction with chemical 
alkylating agents. Lambda DNA was alkylated in N- 35 
position of guanine and N b position of adenine by react- 
ing DNA with aromatic hydrocarbon 7-bromomethyl- 
benz[a]anthracene. 7-bromomethylbenz[a]anthracene 
was obtained as follows. 7-methyl[a]anthracene in car- 
bon disulfide solution was cooled in a freezing mixture 40 
and treated drop wise with a molar equivalent of bro- 
mine. After 30 minutes, the product in suspension was 
collected, and was washed with dry ether and recrystal- 
lized from benzene. The yield was 66*c with melting 
point 190.5*-191.50* C. 

DNA. purified from phage Lambda. (1.6 mg) was 
solubilized in 5.0 ml of 20 mM potassium phosphate pH 
6.5. To 4.0 ml of DNA solution was added 500 micro- 
grams 7-bromomethylbenz[a]anthracene in dry acetone. 
After 30 minutes at 20*, the DNA was precipitated with 50 
two volumes of cold ethanol. The precipitate was 
washed successively with ethanol. acetone and ether to 
remove any unbound 7-bromomethylbenz[a]anthra- 
cene. Enzymatic hydrolysis of the DNA to nucleosides 
and subsequent chromatography of the products on 55 
Sephadex LH-20 columns, indicated that 18% of the 
adenine and 48<Tc of the guanine in DNA were modified 
in N*> and N : positions, respectively. 

The modified DNA was made single stranded either 
by (1) healing to 100* for 5 minutes and rapid cooling or 60 
(2) incubating with equal volume of 0.1M NAOH for 10 
minutes and then dialyzing the solution for four hours 
against 1 ml tris-HCl pH 8.0 containing 0.5 ml EDTA to 
keep the DNA in single-stranded form. 

EXAMPLE XXXIV 65 

A DNA probe was ligated to a synthetic DNA com- 
posed of repeated sequences of E. colt lac operator 



DNA. After hybridization to detect antiprobe sequen- 
ces, the hybridized DNA was detected by reaction with 
biotinylated lac repressor which was, in turn, detected 
by an enzyme linked immuno sorbent assay using goat 
antibiotin IGG to react with the biotin and a second 
antibody coupled to horse radish peroxidase. The lac 
poly perator DNA has been described by Caruthers 
(Second Annual Congress for Recombinant DNA Re- 
search, Los Angeles, 1982), and it was ligated, in a blunt 
end ligation, using T4 ligase, to an adenovirus DNA 
probe. In situ hybridization of the polyoperator-Iabeled 
probe DNA was carried out as described by Gerhard et 
al (Proc Natl Acad. 5ci USA, 78, 3755 (1981). Bi- 
otinylated lac repressor was prepared as described by 
Manning et al (Chromosoma, 53, 107-1 17 (1075) and was 
applied to adenovirus infected cells, fixed to a glass 
slide, in Binding buffer composed of (0.0 MK CI, 0.01M 
tris (pH 7.6), 0.01M MgSO* 10" 4 MEDTA, 10~ 4 M 
DTT, 5% DMSO (dimethyl sulfoxide) and 50 /ig/ml 
bovine serum albumin by J. Miller, Experiments in Mo- 
lecular Genetics, Cold Spring Harbor Laboratory 
(1972). The slides were washed in binding buffer to 
remove unbound biotinylated lac repressor and then 
assayed for biotin using the horse radish peroxidase- 
linked double antibody procedure. This procedure 
could be adapted to create an affinity column where the 
probe could be bound to immobilized repressor protein 
and then removed by elution with a specific inducer, for 
example, isopropylthigalactoside or thiomethylgalacto- 
side. The affinity of the repressor- operator complex is 
quite high 10~ n M. When a specific inducer binds to the 
repressor the operator-represser complex collapses. 
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EXAMPLE XXXV , 
5-Bromo-2'-deoxyuridine-5' -phosphate was prepared 
as follows: 2'-Deoxyuridine-5'-phosphate (6.2 g) was 
suspended in a mixture of 60 ml pyridine and 30 ml 
acetic acid. Bromine (0.84 ml) was added with stirring 
in an ice water bath and stirring continued for 20 hours 
at room temperature. The solution was concentrated by 
vacuum. After redissolution in a minimum of water a 
crude product was precipitated by addition of ethanol. 
The crude product was chromatographed on Dowex 50 
(H+) and eluted with water. The free acid product was 
precipitated from the concentrated eluent by addition of 
ethanol. 

EXAMPLE XXXVI 

Calf intestine alkaline phosphate was biotinylated as 
follows: The enzyme (1 mg, 7.7 mmol) was chromato- 
graphed on a G-50 column eluting with 0.1M Hepes 
buffer pH 8.0 containing 0.1M sodium chloride. The 
pooled fractions were reacted with N-biotinyl-6-amino- 
caproic acid-N-hydroxysuccinimide ester (0.675 mg. 
0.77 umol) dissolved in 10 ml diemthylformamide at 
room temperature for 1 hour. Sodium periodate (0.1M 
125 p.1) was added and stirring continued for 2 hours. 
The mixture as dialyzed at 4' overnight in 0.1 M Hepes 
buffer pH 8.0 with 0.1M NaCl after which the PH was 
adjusted to 7.4. Biotin hydrazide (0.1M* 0.5 ml) dis- 
solved in 0.1 M Hepes buffer pH 7.4 and 0.1M NaCl was 
added and the reaction stirred for 30 minutes at room 
temperature. The pH was adjusted to 8.0 with 0.2M 
sodium carbonate and 0.5 ml of freshly prepared 0.1M 
sodium borohydride in water was added, the solution 
was dialyzed against 0.1M tris buffer pH 8.0 with 0.1M 
NaCl. 
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Then this compound is reacted with chloro thiophos- 
gene to produce the isothiocyanate derivative of (TCM- 
dANCH). 
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mine dprivative to produce modified dUTP. 



Carbon- U 


Mercury- 197 


Tellurium* 125 m 


Cerium- 139 


Mercury -zu.* 


i cuunum* i 


Cerium- 141 


Molybdenum-99 


Terbium- 160 


Cerium- 1 44 




Tnallium-204 


Cesium- 134 


Neodymium*t47 


i nonum**XB 


Cesium- 137 


Neptunium -237 


Thorium-232 


Chlonne-36 


Nickel -63 


Thulium- 1 70 


Chromium-51 


Niobtum-95 


Tin-l 13 


Cobalt'56 




Titanium -44 


Cobalt-57 


Osmium- 185 -u 191 


Tritium 


Cobalt-58 




Tungsten- 185 


Cobalt-60 


Palladium- 103 


Vanadmm-45 


Erbium- 1 69 


Platinum- 195 m 


Vanadium-** 




Praseodymium* 143 


Ytterbium- 169 


Promethium-147 


Gadolinium- 153 


Protactinium-233 


Yttrium-88 


Gold- 195 




Yttrium-90 


Gold-199 


Radium-226 
Rhenium- 186 


Yttrium-91 


Hafnium -175 


Rubidium-86 


Zink-65 


Hafnmm-175 -h 181 


Ruthenium-103 


Zirconiura-95 


Hafnium-181 


Ruthenium- 106 




Hydrogen-3 see Tritium 







dCTP-Allylamine - 1 



N— 
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^CH : COO 
*CH : COO 



H H 

I CH : COO 35 



Cobalt or other heavy metal ions or other rare earth 
ions can be chelated to the compound after step 3 
above. Or the nucleic acid can be substituted with this ^ 
adduct and then the ion added. (Example, cobalt is 
added at pH 6 where the binding constant is 10~ l9 M). 

Cobalt can be assayed by radioactivity. It can also be 
detected by its ability to oxidize methylene blue to the 
leuco form in the presence of molecular oxygen. It can 45 
be used to oxidze soluble sulfliydro groups to disulfide 
bonds again in the presence of molecular oxygen. 

This type of self-signaling molecule can be used to 
monitor any nucleic acid hybridization reaction. It is 
particularly important for detecting nucleic acids in gels 30 
(for example, sequencing gels). 

With respect to its use in radioactivity, it can be used 
to tailor the isotope needed,, i.e. if a weak or strong 0 or 
y emitter is needed, that isotope can be chelated. Exam- 
ples of isotopes that can be used are listed immediately 55 
hereinafter. 



Antimony -124 
Antimony- 125 
Anenic*74 

Barium- 133 

Barium-140 

Beryllium-" 

Bismuih-20o 

Bismuth-20? 

Cadmium- 10° 
Cadmium- 1 15 m 
Calcium -4 5 



Iodine- 125 


Scandium-44 


lodine-l.M 


Scandium-46 


Iodine- 132 


Sclenium-75 


Indium- 192 


Silver- 1 10 m 


Iron-?? 


Silver- 111 


lron-5*» 


Sodium-:: 




Strontium-85 


Krypton*85 


.Strontium -89 


Strontium-90 


Lead-: 10 


Sulphur-? 5 


Lutecium- 177 






Tamalum.18: 


Manganese*54 


Technetium-99 



Streptavidin. a protein produced by a Streptomyces 
avidinii is a large molecular weight component of a 
synergistic pair of compounds which are both present in 
the culture filtrates of this microorganism. Each of the 
pair is inactive but in combination are active against 
gram-negative microorganisms. It has been found that 
the small component of this antibiotic prevents de novo 
synthesis of the vitamin biotin and thus, at least in syn- 
thetic media, show antimicrobial activity. In complex 
medium, however, the large component has to be in- 
cluded to exert the same effect on bacteria. This has 
been shown to be due to the presence of external biotin 
in the complex medium. The large molecular compo- 
nent has been found to bind external biotin and thus 
demonstrating the same kind of action as avidin from 
eggs and oviduct tissues of laying birds. 

Streptavidin has been purified and shown to be a 
60,000 dalton polypeptide. Like avidin. streptavidin 
contains four subunits and binds tightly four molecules 
of biotin. Unlike avidin, however, it is non-glycosylated 
and it has PI of 5.0 as compared Lo avidin with 
PI = 10.5. Due to the difference in pi streptavidin does 
not have a tendency to non-specifically interact with 
DNA. 

PREPARATION OF STREPTAVIDIN 
A semi-synthetic medium containing salt, 1% qlu- 
cose, 0.1% asparagine, 0.05% yeast extract and trace 
elements was prepared. The cultures were grown at 26* 
C. for three days. Mycellium was removed by centrifu- 
gation and protein in the supernatant were absorbed to 
DEAE-cellulose in a batchwise process after pH was 
adjusted with 1M HC1 to 7.2. DEAE-cellulose was 
filtered off and washed with 20 mM Tris-HCl (pH 7.2) 
until no absorbancy at 280 nm was recorded. Streptavi- 
60 din was eluted with 20 mM Tris-HCl (pH 7.2) contain- 
ing 0.5M NaCl. Ammonium sulfate precipitation was 
used to further concentrate the streptavidin (50% w/v 

at 4 ' C) ' , . , 

The precipitate was dissolved in water and dialyzed 

65 against 1.0M NaCl, 50 mM Na;CO?. In the next step 

affinity column chromatography on iminobtotin se- 

pharose was used. Eluted streptavidin Erom iminobio- 

tin sepharose column was shown to be chromatographi- 



Adenine 
(6- amino purine) 

NH; 
I 

I "II 8 CH 
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Two minor purines 
2-Methyladeninc 
NH 2 

N 

| || »CH 

H 

The major pvrimidincs 
Cytosine 

(2-oxy-4-aminopyrimidine) 

NH: 
I 

II 

s- CH 

H 



N 

o-k 



I-Methylguanine 

O 
II 

CHj-N^ ft ^C^ ^ 

II CH 

N N 
H 



Uracil 

(2.4-dioxypyrimidine) 

O 
II 

HN3 4 CH 

I, B 

0=C ^N^ CH 
H 



Thymine 
(5-methyl-2.4-dioxypynmidine) 

O 
II 

HN*f 4 ^C— CH? 

H II 
0=C- CH 
> 
H 



Two minor pvrimidino 
5-MethvIc\iosine 

-NH: 

Nf^C-CHy 

i; ii 

H 

PYRIMIDINE 
H 

Nf^CH 
I, .1 

HC v.^ CH 

N 



5-Hydroxymethylcytosine 

NH; 
I 

^C. 

jC— CH»OH 
I II 
0=C^ ^CH 
N 
H 

PURINE 



H 

| || »CH 

HC ^ C <t/ 
N N 
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General Structure 
Names 

Adenosine S'-phosphoric acid 

(adenylic acid; AMP) 
Guanosine 5 '-phosphoric acid 

(guanylic -cid: GMP) 
Cytidine S'-phosphoric acid 

(cytidylic acid; CMP) 
Uridine 3'-phosphoric acid 

(uridylic acid; UMP) 



General Structure 
Names 

Deoxyadenosine S'-phosphoric acid 

(dcoxyadenylic acid; dAMP) 
Deoxyguanosine S'-phosphoric acid 

(deoxy guanylic acid; dGMP) 
Deoxycyiidine S'-phosphoric acid 

(deoaycytidylic acid; dCMP) 
Deoxythymidine S'-phosphoric acid 
(deoxythymidylic acid: dTMP) 



The special nucleotides in accordance with this in- 
vention, as indicated hereinabove, in addition to the P, 
15 S and B moieties (PM, SM and BASE, respectively), 
include a chemical moiety Sig coavalently attached to 
the P, S and/or B moieties (PM, SM and BASE, respec- 
tively). Of special interest in accordance with the prac- 
tices of this invention would be those nucleotides hav- 
ing the general formula, 

p_S— B— Sig 
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(PM—SM— BASE— Sig) wherein P(PM) is the phos- 
* 3 phone acid moiety including mono-, di-, tri-, or tetra- 
phosphate, S(SM) the, sugar or monosaccharide moiety, 
B the base moiety (BASE), either a purine or a pyrimi- 
dine. The phosphoric acid moiety P(PM) is attached at 
the 3' and/or the 5' position of the S moiety (SM) when 
the nucleotide is a deoxyribonucleotide and at the 2', 3' 
and/or 5' positio when the nucleotide is a ribonucleo- 
tide. The base B moiety (BASE) is attached from the 
Nl position or the N9 position to the 1' position of the 
S moiety (SM) when the base moiety is a pyrimidine or 
a purine, respectively. The Sig moiety is covalently 
attached to the B moiety (BASE) of the nucleotide and 
when so attached is capable of signalling itself or makes 
itself self-detecting or its presence known and desirably 
or preferably permits the incorporation of the resulting 
nucleotide P - S - B - Sig (PM-SM-BASE-Sig) into or to 
form a double-stranded helical DNA or RNA or DNA- 
RNA hybrid and/or to be detectable thereon. 

Another special nucleotide in accordance with this 
invention is characterized by the general formula: 



30 



35 



40 



45 



50 



(Sig 

PM— SM— BASE) 



The major ribonucleotides and deoxyribonucleotides. 



Ribonucleoside 
5 '-monophosphates 



2'-Deoxyribonucleoside 
5*-monophosphates 



OH 
I 

HO— P— O— CH : 

II 
o 



OH OH 



(Sig 

PM— SM— BASE) 

55 Such nucleotides in accordance with this invention 
would be characterized as ribonucleotides. The phos- 
phoric acid moiety (PM) is attached at the 2', 3' and/or 
5'position of the sugar S moiety (SM) and the base B 
(BASE) being attached from the Ni position or the N9 
* 60 position to the V position of the sugar S moiety (SM) 
when said base (BASE) is a pyrimidine or a purine, 
respectively. The Sig chemical moiety is covalently 
attached to the sugar S moiety (SM) and said Sic chemi- 
cal moiety when attached to said S moiety (SM) is capa- 
65 ble of signalling itself or making itself self-detecting r 
its presence known and preferably permits the incorpo- 
ration of the ribonucleotide into its corresponding dou- 
OH H ble- stranded RNA or a DNA-RNA hybrid. 



OH 

1 ? 


Base 


•p-0-CH: o 




II u ° 

° |\H l 
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Sig component or chemical moiety of the special nucle- 
otides of this invention. Accordingly, the Sig compo- 
nent or chemical moiety of nucleotides of this invention 
can be directly covalently attached to the P, S r B 
moieties (PM, SM or BASE, respectively) or attached 5 
thereto via a chemical linkage or linkage arm as de- 
scribed in U.S. Pat. No. 4,711.955, as indicated by the 
dotted line connecting B and A of the nucleotides of 
U.S. Pat. No. 4,711,955. The various linker arms or 
linkages identified in U S. Pat. No. 4,711,455 are appli- 10 
cable to and useful in the preparation of the special 
nucleotides of this invention. 

A particularly important and useful aspect of the 
special nucleotides of this invention is the use of such 
nucleotides in the preparation of DNA or RNA probes. 13 
Such probes would contain a nucleotide sequence sub- 
stantially matching the DNA or RNA sequence of ge- 
netic material to be located and/or identified. The 
probe would contain one or more of the special nucleo- 
tides of this invention. A probe having a desired nucleo- 20 
tide sequence, such as a single- stranded polynucleotide, 
either DNA or RNA probe, would then be brought into 
contact with DNA or RNA genetic material to be iden- 
tified. Upon the localization of the probe and the forma- 
tion of a double-stranded polynucleotide containing the 25 
probe and the matching DNA or RNA material to be 
identified, the resulting formed double-stranded DNA 
or RNA-containing material would then be observable 
and identified. A probe in accordance with this inven- 
tion may contain substantially any number of nucleotide 30 
units, from about 5 nucleotides up to about 500 or more, 
as may be required. It would appear that 12 matching, 
preferably consecutive, nucleotide units would be suffi- 
cient to effect an identification of most of the DNA or 
RNA material to be investigated or identified, if the 12 35 
' nucleotide sequence of the probe matches a correspond- 
ing cooperative sequence in the DNA or RNA material 
being investigated or to be identified. As indicated, such 
probes may contain one or more of the special Sig-con- 
taining nucleotides in accordance with this invention, 40 
preferably at least about one special nucleotide per 5-10 
of the nucleotides in the probe. 

As indicated hereinabove, various techniques may be 
employed in the practices of this invention for the in- 
corporation of the special nucleotides of this invention 45 
into DNA and related structures. One particularly use- 
ful technique referred to hereinabove involves the utili- 
zation of terminal transferase for the addition of bi- 
otinated dUMP onto the 3' ends of a polypyrimidine or 
to single-stranded DNA. The resulting product, such as 50 
a single-stranded or cloned DNA, which has biotinated 
dUMP attached to the 3' ends thereof, can be recovered 
by means of a Sepharose-avidin column wherein the 
avidin would complex with the biotinated dUMP at the 
ends of the DNA and be subsequently recovered. In 55 
accordance with the practices of this invention hybridi- 
zation to mRNA could be accomplished in solution and 
the resulting hybrid recovered via a Sepharose-avidin 
column and the mRNA recovered therefrom. Similar 
techniques could be employed to isolate DNA-RNA 60 
hybrids. This technique employing terminal transferase 
for the addition of the special nucleotides in accordance 
with this invention is widely applicable and the result- 
ing modified nucleotides containing the special nucleo- 
tides in accordance with this invention including the 65 
special biotinated nucleotides or the special glycosy- 
lated nucleotides could be selectively recovered via 
complexing with avidin upon a Sepharose-avidin col- 



umn or complexing with a lectin, such as Concanavalin 
A r a Sepharose-Concanavalin A column. 

Illustrative of the practices of this invention, bi- 
otinated dUTP was added t the 3' ends of d[PT]4 as 
well as single and d uble stranded DNA employing 
terminal transferase and the resulting product was puri- 
fied through G-50 Sepharose and separated on a Se- 
pharose-avidin affinity column. It was found that 69% 
of the d[pT]4 molecules were biotinated and recovered 
on the Sepharose-avidin column. The results of this 
experiment established that terminal transferase added 
biotinated dUMP to the 3' ends of a polypyrimidine. 

The detection of nucleic acids to which specific mol- 
ecules have been covalently attached can be effected 
through the use of many naturally occurring proteins to 
which small molecules are known to specifically bind. 
In this procedure the small molecules are bound to the 
nucleotide using the allyl amine side chain. These nucle- 
otides are.then incorporated into specific nucleic acids 
using a DNA or RNA polymerase or ligase reaction or 
a chemical linkage. After annealing this probe with a 
complementary antiprobe sequence, the presence of the 
probe is assayed for by the specific binding of the pro- 
tein to the ligand covalently bound to the probe. Exam- 
ples of protein-ligand reactions that are appropriate for 
this type of detector system include: 

1. Enzymes and allosteric effector or modulator mol- 
ecules. An example of this is the enzyme threonine 
dehydratase which is a heterotropic enzyme in that the 
effector molecule, L-tsoleucine, is different than the 
substrate, L-threonine, J. Monod, J. Wyman and J. P. 
Changeux (1965). J. Mol Biol 12:88-118. 

2. Effector molecules involved in regulation. A.n 
example of this is the specific binding of 3',5-cyclic 
adenosine monophosphate to the cyclic AMP receptor 
protein. I. Pastan and R. Perlman, Science 169:339-344 
(1969). Another example is the lactose repressor mole- 
cule and the inducer molecules isopropylthiogalacto- 
side or thiomethylgalactoside. These two inducer mole- 
cules are called gratuitous inducers in that they are not 
metabolized by the enzymes they induce, W. Gilbert 
and B. Muller-Hill. Proc. Nad Acad. Set (US), 
70:3581-3584. (1973). 

3. Hormone receptors and other receptors on the 
surface of the cell to which organic molecules will 
specifically bind. An example of this is the epinephrine- 
epinephrine receptor system in which epinephrine is 
bound in a steriospecific manner with a high affinity to 
the receptor. With this system, since the receptor pro- 
tein is insoluble in water, it will be imbedded in a lipid 
bilayer structure as for instance a liposome. Suitable 
detector systems would include specific enzymes or 
fluorescent molecules inside or within the lipid bilayer. 

4. Specific ligand binding proteins included in the 
transport of small molecules. An example of this is the 
periplasmic binding proteins of bacteria which have 
been shown to bind many amino acids, glucose, galac- 
tose, ribose and other sugars, Pardee, A. Science. 
162:632-637, (1968); G. L. Hazelbaur, and J. Adler. 
Nature New Bio. 230: 101-104, (1971). 

In the above-mentioned examples the ligand bound to 
the nucleic acid reacts with a naturally occurring pro- 
tein. The specificity of this reaction resides in the li- 
gand-binding site of the protein. 

One further example of small molecule interaction 
with naturallv occurring proteins involves the specific 
binding of coenzyme or other prosthetic molecules to 
enzymes. Examples of such coenzymes include thiamin 
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wherein the Sig moiety incorporates biotin or streptavi- 
din or avidin. 

P°ly rI:poly rC complexed poly L-Iysine exhibits 
a A' A" a " ' 5 adjuvant properties and such properties are enhanced 

B B . fl „ B „. and improved in accordance with the practices of this 

\A I invention when the poiy rl and poly rC components are 

. . . *w U^T^ . . . modified to include one or more of the special nucleo- 

tides in accordance with this invention. 
or 10 The preparation of DNA probes in accordance with 

^ ^» * another aspect of this invention can be carried out in a 

p \ \ I manner which does not require the preparation or utili- 

a A' A" a " zation of the special nucleotides described herein. For 

15 example, double-stranded DNA can be reacted with a 
where A and B are complementary base P^uch^ carcinogen or alkylating agent. After the carcinogen 
apun^aT^^ x ^ * double-stranded 

addition of an organic moiety Sig in accordance with J 

the disclosures of this invention on the 5 position of the DNA. the resulting modified DNA is melted to pro- 
pyrimidine ring or the 7 position of the purine ring or 2 duce a DNA hybridizing probe containing the reaction 
the N 2 of guanine, or the N 6 of adenine or the N 4 of product of the DNA and the carcinogen or alkylating 
cytosine as described herein. The modifications of the agent. When thus-modified or reacted DNA is em- 
polynucleotides at these positions lead to relatively ployed as a hybridizing probe, any resulting formed 
undisruptive or non-disruptive double-stranded nucleic double helix or double-stranded DNA would be as- 
acid molecules as measured by rates of association and 2 s sayed or searched out by means of a double antibody 
melting points. In the special polynucleotides of this tecnnique , The primary antibody would be an anti-car- 
invention employed as inducers of interferon and other ^ ^ mtibody WQuld be horserad . 
cellular or humoral factors or components, such as . , 3 ' . , _ _,:w~^, 
'ymphokines or cytokines, the following groups would ^peroxidase conjugated anti-peroxidase nobody, 
be attached therew as indicated by the formulas. 30 The ^vantage of this techn.que is that ir would be easy 

to label the double-stranded DNA. This special ap- 
proach is indicated hereinabove in the examples accom- 
* ^ . « . 2 and / or panying the description of this invention and is gener- 

ally applicable for the preparation of DNA probes from 
35 double-stranded or double helical DNA. However, this 
0H 0 procedure is a disruptive procedure involving the modi- 

fication of the double helical deoxyribonucleotide poly- 
mer or DNA. 

40 In the description of the special nucleotides and mod- 
ified DNA employed or developed in the practices of 
I this invention, mention has been made of mono, oligo 

and polysaccharides. It is pointed out that derivatives of 
In the utilization of the special polynucleotides of this mono, oligo and polysaccharides are also useful in the 
invention, such as the special dsRNA of this invention 43 preparation of the special nucleotides of this invention, 
in the induction process for the production of interferon For example, it is possible to modify individual sugar 
it has been demonstrated that DEAE-dextran facilitates moieties employed in the make-up of the special nucleo- 
this operation. It appears that since DEAE-dextran tides and employ the resulting modified sugar moieties 
complexes with dsRNA and protects it for nuclease 50 to c ff ect or carry out additional chemical reactions, 
degradation, thereby enhancing interferon induction. It Such moc jifi e d mono, oligo and polysaccharide moi- 
has also been noted that poly rO.rl is taken into cells ^ when cmployed & the Sig moiety in the prepara- 
more efficiently when complexed with ti on of the special nucleotides of this invention, provide 

Accordingly in the practices of this inventor the hy- vemrility t ^ deteclion of ^ 

drophobic properties and the tonic or electron charge 55 an * aa ™ c«*uii y k . M . 

properties of the special dsRNA of this invention are nucleoudes or other compounds containing such modi- 
important factors and capable of manipulation in the fied saccharides either as the sugar S (SM) or as the Sig 
applicability of these materials to induce inteferon pro- moiety thereof. 

duction. It has been observed that such conditions or In another aspect of this invention the Sig moiety 
factors which promote the induction of interferon also 60 instead of being attached to a nucleotide could also be 
lead to and promote the induction of other cellular or attached to proteins. Not only could such proteins be 
humoral components, such as lymphokines and cyto- attached to nucleotides or polynucleotides but also such 
kines. It is apparent, therefore, that the special nucleo- ins cQuId bc idemified pcr ^ whe ther attached to 

tides of this invention act as immune modulators and £ . polynucleotide or unattached. In accor- 

st mulators of the immune response other than simply 65 » nucicu »° c « r P" 1 * invention 
beinc effective as inducers of interferon production. dance with the practices of this aspect of the invention, 
Superior agents for the above in accordance with the a suitable such protein adduct would have the formula, 
practices of this invention would include nucleotides 
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<> „ -o-p 



OH O 



